Searching PAJ 



Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 05-226129 
(43)Date of publication of application : 03.09.1993 



■ • * **** 



(51)lnt.CI. 



H01F 1/053 
C23C 8/14 
C25D 11/34 
H01F 1/08 



(21) Application number : 04-069412 

(22) Date of filing : 18.02.1992 



(71) Applicant: KOBE STEEL LTD 

(72) lnventor : NAKAYAMA TAKENORI 

SATO FUMIHIRO 
HANAKI ATSUSHI 



(54) MANUFACTURE OF HIGHLY CORROSION-RESISTANT RARE-EARTH MAGNET 

(57)Abstract: 

PURPOSE: To provide a method for manufacturing a highly corrosion-resistant rare-earth magnet which can maintain 
improved magnetic characteristics over a long period of time without generating hydrogen occlusion, etc. 
-CONSTITUTION: RE-B-Fe sintered rare-earth magnet or RE-TM-B hot machining rare-earth magnet is heated at 200- 
500°C under oxidation atmosphere (a) or is anodized within an alkali liquid solution. 
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* notices * 

JPO and NCZPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the high corrosion resistance rare earth magnet characterized by heating a RE-B-Fe system 
sintering rare earth magnet or a RE-TM-B system hot-working rare earth magnet (RE expressing one or more sorts of rare earth 
elements, and TM expressing one or more sorts of a transition element, respectively) at 200-500 degrees C under an oxidizing 
atmosphere. 

[Claim 2] The manufacture approach of the high corrosion resistance rare earth magnet characterized by carrying out anode plate 
electrolysis of a RE-B-Fe system sintering rare earth magnet or the RE-TM-B system hot-working rare earth magnet (RE expressing 
one or more sorts of rare earth elements, and TM expressing one or more sorts of a transition element, respectively) in an alkaline 
solution. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of having enabled it to maintain the magnetic properties which raised 
corrosion resistance and were excellent for a long period of time to manufacture a high corrosion resistance rare earth magnet. 
[0002] 

[Description of the Prior Art] Although the magnet alloy is broadly used from the peripheral device of a mainframe computer as the 
electrical and electric equipment or the charges of electronic-parts material for home use, such as various electric products, military 
requirements to a magnet alloy, such as magnetic properties and corrosion resistance, are advanced increasingly with the demand of 
the miniaturization of the computer especially in recent years, or an electric product, and high-performance-izing. 
[0003] It is expected that it is meanwhile and a RE-B-Fe system sintering rare earth magnet and a RE-TM-B system hot-working rare 
earth magnet (it is the same below : to which RE expresses one or more sorts of rare earth elements, and TM expresses one or more 
sorts of a transition element, respectively) are excellent in magnetic properties. However, this rare earth magnet has the fault of it not 
only containing rare earth elements with very high activity, but the effect of the local battery by the potential difference between bi- 
phases also being added, and being very easy to rust since it is the alloy with which RE rich phase and Fe rich phase are intermingled. 
Therefore, the method of performing chemical conversion, such as approach; phosphating to which the surface treatment for rust 
proofing is indispensable to, for example, galvanizes metals and those alloys, such as nickel and Zn, in utilization, and chromate _ 
treatment; the method of performing resin coatings, such as epoxy system resin and acrylic resin, with dip coating, a spray method, 
etc. is proposed, nickel alloy-plating methods, such as nickel plating which can be carried out comparatively cheaply, or nickel-P, are 
used widely also especially in these, without requiring a complicated facility. 
[0004] 

[Problem(s) to be Solved by the Invention] However, by the approach of galvanizing a metal or alloys, such as nickel, satisfying 
plating adhesion and corrosion resistance are not necessarily acquired. One can be considered as follows [ the reason ]. That is, these 
rare earth magnets have high hydrogen absorption nature, and are considered with occlusion of the hydrogen generated in a rare earth 
magnet at the time of plating being carried out, causing a lifting and plating exfoliation for an embrittlement crack by the plating 
interface, and it becoming impossible to maintain corrosion resistance, when nickel or nickel alloy-plating method is adopted, since 
there is a property which stiffens by hydrogen absorption. 

[0005] Although vapor-plating methods, such as vacuum evaporationo plating, are also proposed in order to avoid such a problem, by 
this approach, the pinhole defect of a plating layer serves as a serious failure of corrosion-resistant improvement. Moreover, with dip 
coating, a spray method, etc., adhesion and corrosion resistance sufficient also by the approach of performing resin coating are hard to 
be acquired, it is difficult to form a uniform resin coating coat in a magnet front face moreover, and especially the magnetic edge 
section tends to become insufficient [ corrosion resistance ], and corrosion advances with this part as the starting point. This invention 
is made paying attention to the above situations, and the purpose tends to offer the approach for manufacturing the high corrosion 
resistance rare earth magnet which continues at a long period of time and can maintain outstanding magnetic properties, without 
producing problems, such as hydrogen absorption. 
[0006] 

[Means for Solving the Problem] The configuration of this invention which was able to solve the above-mentioned technical problem 
has a summary at the point which heats a RE-B-Fe system sintering rare earth magnet or a RE-TM-B system hot-working rare earth 
magnet at 200-500 degrees C under the (a) oxidizing atmosphere, or is anodized in (b) alkali solution. 
[0007] 

[Function] Although not all were solved about the reason whose corrosion resistance of a rare earth magnet improves by this 
invention, it is thought that it is because intermingled multiple oxides, such as an oxide of RE and Fe which are not formed under the 
usual atmospheric-air ambient atmosphere, or RE and TM, a hydroxide, and a hydrate, were probably firmly formed in the front face 
of **, a RE-B-Fe system sintering rare earth magnet, or RE-TM-B system hot-working ********. i n addition, although component 
ratios do not differ and the presentation of this oxide does not become fixed according to the conditions at the time of each alloy 
presentation or oxide film formation, since a rare earth magnet front face oxidizes, the problem of exfoliation is not produced. 
Furthermore, the above-mentioned multiple oxide has the very low solubility to water, and since it excels also in the stability over an 
elevated temperature, it is thought that degradation of the magnetic properties in years of use can be controlled. 
[0008] The oxidizing atmosphere at the time of heating under an oxidizing atmosphere is not especially limited like steam Shimo 
under atmospheric air and oxygen tension adjustment that what is necessary is just to be under the environment which promotes 
oxidation. However, processing temperature cannot form the above-mentioned multiple oxide firmly, if it is good to consider as 200- 
500 degrees C and it is less than 200 degrees C, but since not only the oxidization on the front face of a magnet but oxidization of RE 
rich layer which deposits in the grain boundary will advance if it is 500 degrees C or more, it has a possibility that a crack may occur. 
[0009] as the alkali solution at the time of anodizing - alkali-metal hydroxides, such as KOH and NaOH, and Na2 Si03 and KA102 
etc. ~ a fusibility salt can also be added in this water solution that what is necessary is just one sort or two sorts or more of water 
solutions, such as an alkali-metal oxygen acid salt. Moreover, although pH of this water solution should just be alkalinity, it is 
desirable that it is the high alkalinity from which the dissolution of the magnet concerning this invention hardly takes place and which 
is like, and it is good that they are specifically ten or more pH. Furthermore, although what is necessary is just to determine suitably 
anode plate electrolytic conditions, such as solution temperature, current density, and dissolution time amount, according to a solution 
presentation or an alloy presentation, especially current density is 450 A/dm2. It is desirable that it is the following and it is considered 
that destruction of the formed multiple oxide is promoted more than by this. In addition, after performing each above-mentioned 
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processing, of course, it is also possible by preparing the chemical conversion and oxidation treatment of chromate treatment etc., an 
organic coating layer, etc. further to raise corrosion resistance further. 

[0010] Next, the RE-B-Fe system sintering rare earth magnet and RE-TM-B system hot-working rare earth magnet which are used by 
this invention are explained. As rare earth elements indicated to be at least one sort of rare earth elements by RE including B and Fe as 
an essential element, first a RE-B-Fe system sintering rare earth magnet Pr, Nd, La, Ce, Tb, Dy, Ho, Er, Eu, Sm, Gd, Pm, Tm, Yb, Lu, 
Y, etc. can be mentioned, and these may be used independently, or two or more sorts can also be used together as occasion demands. 
Especially desirable things are Pr and Nd also in the above-mentioned rare earth elements. 

[001 1] The desirable content (hereafter, unless it mentions specially, atomic % is meant) of RE occupied in these RE-B-Fe system 
sintering rare earth magnet is 8 - 30%, coercive force sufficient at less than 8% is hard to be acquired, and if it exceeds 30%, a residual 
magnetic flux density will serve as insufficient feeling. Moreover, it is 2 - 28%, coercive force sufficient at less than 2% is hard to be 
acquired, and the desirable content of B will become inadequate [ a residual magnetic flux density ], if it exceeds 28% on the other 
hand. 40 - 90% of range of Fe is desirable, and at less than 40%, if a residual magnetic flux density serves as insufficient feeling and 
exceeds 90% on the other hand, the coercive force of a high level will become is hard to be acquired. 

[0012] In addition, in the above-mentioned RE-B-Fe system sintering rare earth magnet, Co and nickel can also permute a part of Fe. 
However, since there is an inclination for a residual magnetic flux density to fall when the amount of permutations to Fe should be 
stopped to 50% or less and the amount of nickel permutations increases too much, since high coercive force will become is hard to be 
acquired if the amount of permutations of Co increases too much, the amount of permutations to Fe should be made 8% or less. 
Furthermore, it is possible by making Fe permute and contain one or more sorts of an element as shown in this magnet below as other 
elements to heighten coercive force further. However, although the permission content in the case of using two or more sorts together 
shows maximum among each alloying element, it makes a content an upper limit. 

[0013] aluminum: Less than [ 9.5% ] Less than [ Ti:4.5% ] V:9.5% or less, Cr: Less than [ 8.5% ] Less than [ Mn:8.0% ] Less than 
[ Bi:5.0% ], Nb: Less than [ 9.5% ] Less than [ Ta:9.5% ] Less than [ Mo:9.5% ], W: 9.5% or less Less than [ Sb:2.5% ] Less than 
[ germanium:7.0% ], less than [ Sn:3.5% ] Less than [ Zr:5.5% ] Less than [ nickel:9.0% ], less than [ Si:9.0% ] Less than [ Zn:l.l% ] 
Less than [ Hf:5.5% ]. 

[0014] Next, although what was mentioned as RE as a configuration element of said RE-B-Fe system sintering rare earth magnet is 
again illustrated including at least one sort and transition element (TM) of rare earth elements (RE), and B containing Y as an essential 
element, a RE-TM-B system hot-working rare earth magnet Since the among these highest magnetic property is easy to be acquired 
when Pr is used, that [ Pr's ] whose 50% or more of RE is Pr is substantially desirable. Moreover, it is effective in improvement in 
coercive force to carry out little concomitant use of the heavy-rare-earth elements, such as Dy and Tb. 

[0015] The desirable content of RE occupied in this RE-TM-B system hot- working rare earth magnet whole quantity is 12 - 1 8% of 
range still more preferably 10 to 20% more preferably 8 to 25%. Although the main phase of the magnet which makes RE, and TM 
and B a fundamental component is RE2 TM14B (for example, Pr2 Fel4B), since this compound will not be formed but it will become 
the cubic organization of the same structure as alpha iron if RE runs short, a good magnetic property (especially ******) i s hard to be 
acquired, when there are too much another side and RE, nonmagnetic RE rich phase increases and a residual magnetic flux density 
comes to show a fall inclination. 

[0016] Next, the content of B is more preferably [ 4 - 6% of] suitable 2 to 8%. Since it becomes the rhombohedron of a RE-Fe system, 
when many [ the amounts of B run short and / that satisfactory coercive force is hard to be acquired / conversely / too ], it is 
nonmagnetic RE2 Fe4. A B phase deposits and a residual magnetic flux density becomes low. 

[0017] If TM is more preferably [ 65 - 90% of] suitable and runs short of the amounts of TMs 40 to 90%, a residual magnetic flux 
density becomes low, and if many [ too ], it will become inadequate [ coercive force ]. In addition, although the most typical thing is 
Fe among TMs, Co and/or nickel can be substituted for the part. Although Fe site of the main phase is permuted that Co is effective in 
getting the magnetic Curie point, and fundamentally and RE2 Col4B is formed, this compound has a small crystal-anisotropy field, 
and since the coercive force as the whole magnet declines as the amount of alternatives of Co increases, it is good to stop [ of Fe ] to 
20% or less more preferably 50% or less. Moreover, since there is an inclination for a residual magnetic flux density to fall when the 
amount of alternatives of nickel increases, to hold down to about 8% or less of Fe is desired. 

[0018] Although the fundamental configuration element of a RE-TM-B system hot-working rare earth magnet is as above-mentioned, 
by making one or more sorts, such as Ag, Au, aluminum, Cu, Ga, Sn, Pt, and Zn, contain as an element of further others as occasion 
demands, coercive force can be heightened further and the effectiveness is effectively demonstrated by the addition more than 0.2 %. 
However, since a nonmagnetic grain boundary phase will increase and the fall of magnetic properties will be caused if many [ too ], it 
should stop to 2% or less. 

[0019] Especially Ag, Au, aluminum, Cu, Pt, Sn, and Zn make the crystalline structure detailed also in the above-mentioned element, 
there is an operation which controls generation of the surface degradation layer accompanying hot working for anisotropy grant which 
mentions later, for example, the effectiveness of giving a magnet with the magnetic properties which were excellent even if it was the 
thing of the light-gage configuration which is about 3mm is demonstrated. 

[0020] If hot working of the RE-TM-B system alloy obtained in this way is carried out and it carries out orientation at the temperature 
of 800 degrees C or more preferably, the permanent magnet of an anisotropy will be obtained. In addition, especially since this RE- 
TM-B system hot-working rare earth magnet has the effectiveness which was superior to the above-mentioned Re-B-Fe system 
sintering rare earth magnet in corrosion resistance or magnetic properties, it is desirable. 

[0021] In this invention, the permanent magnet of high corrosion resistance can be obtained by performing each above-mentioned 
processing to the above RE-B-Fe system sintering rare earth magnets or a RE-TM-B system hot-working rare earth magnet. That is, 
the above-mentioned magnet alloy has very few amounts of the oxygen contained in it, or a rare-earth-elements oxide, and since the 
multiple oxide excellent in corrosion resistance is formed firmly, a surface protective effect is demonstrated that there is nothing with 
regret. Consequently, the rare earth magnet of this invention shows the corrosion resistance which stood high, continues at a long 
period of time, and can maintain the magnetic properties of a high level. 
[0022] 
[Example] 

After having used Nd of iron powder of 99.9% of example 1 purity, the ferroboron alloy of 99.9% of purity, and 99.7% or more of 
purity as the raw material, blending these and carrying out the RF dissolution, it cast using water-cooled copper mold, and the 
presentation obtained the ingot of Ndl4B7 Fe79. After carrying out coarse grinding of this ingot with a stamp mill, it pulverized with 
the ball mill, and the impalpable powder whose particle size is 2.8-8 micrometers was obtained. While inserting this impalpable 
powder in metal mold and carrying out orientation in the field of lOKOe, they are 1.5 t/cm2. It fabricated by the pressure. 
[0023] After sintering this Plastic solid at 1000 degrees C among Ar ambient atmosphere for 1 hour, it was cooled radiationally, and 
the rare earth magnet was obtained by carrying out aging treatment at 600 degrees C among Ar ambient atmosphere after that for 2 
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hours. The test piece of 20mmx30mmx3mm size was cut down from the obtained magnet, and the oxide film layer was formed after 
surface polish (No. 150) and acetone cleaning on the conditions shown in Table 1. Moreover, based on a conventional method, a Watts 
bath is used and it is current density 8 A/dm2. What performed nickel plating was shown as an example of a comparison. 
[0024] Magnetization processing was performed after the above-mentioned processing, respectively, and the test specimen which has 
the following initial magnetic properties was obtained. 

Residual magnetic flux density (Br) =12.5KG coercive force (iHc) - the corrosion resistance test was performed by the following 
approach about each test specimen obtained 12.0KQe energy product (BH) max =35.0MGOe. 

(Corrosion resistance test) a test specimen - the constant temperature of 125 degree-Cx85%RH - after leaving it in a constant 
humidity ambient atmosphere for 50 hours, an appearance (visual observation), adhesion (JIS K 5400: the squares tape method), and 
magnetic properties were investigated. The result is collectively shown in Table 1. 
[0025] 
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[0026] In the example (No. 1-6), the appearance change after a corrosion resistance test and the fall of adhesion are not seen at all, but 
to maintaining the value before also examining magnetic properties as it is, appearance degradation by rusting and the fall of adhesion 
(plating adhesion) are remarkable, and magnetic properties are also falling considerably by the example of a comparison (7 No. 8) so 
that clearly also from Table 1 . 

[0027] The ferroboron of electrolytic iron of 99.9% of example 2 purity and 99.9% of purity and Pr of 99% or more of purity were 
used as the raw material, and after blending these, the ingot of the presentation shown in Table 2 using the water-cooled copper mold 
after the RF dissolution was obtained. After having cut this ingot, enclosing with the iron capsule and performing hot rolling of 76% of 
rates of the bottom of total pressure at 950 degrees C, the rare earth magnet of the magnetic properties shown in Table 2 was obtained 
by heat-treating on the conditions of 1000 degree-Cx 6 hours and, and 480 degree-Cx 2 hours. From this magnet, the 
20mmx30mmx3mm test piece was cut down, oxidation treatment shown in Table 3 like an example 1 was performed after surface 
polish (No. 1 50) and acetone cleaning, and magnetization processing and a corrosion resistance test were performed like the example 1 
below. The result is shown in Table 3. 
[0028] 
[Table 2] 
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KI4No. 
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[0029] 
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[0030] No test specimens shown in Tables 2 and 3 satisfy the requirements for a convention of this invention, and the fall of magnetic 

properties is not accepted in appearance degradation after a corrosion resistance test, and the fall list of adhesion at all. 

[0031] 

[Effect of the Invention] This invention is constituted as mentioned above, to a RE-B-Fe system sintering rare earth magnet or a RE- 
TM-B system hot-working rare earth magnet, by performing each above-mentioned processing, corrosion resistance can be raised 
remarkably and the RE-B-Fe system sintering rare earth magnet of high corrosion resistance or RE-TM-B system hot- working rare 
earth magnet which maintains outstanding magnetic properties for a long period of time can be offered. 

[Translation done.] 



http ; // www4 . ipdl . ncipi . go .j p/cgi -bin/tran_web_cgi_ejje 



9/27/2006 



» 



MANUFACTURE OF HIGHLY CORROSION-RESISTANT RARE-EARTH MAGNET 



Publication number: 
Publication date: 
Inventor: 

Applicant: 

Classification: 
- International: 



- european: 
Application number: 
Priority number(s): 



JP5226129 
1993-09-03 

NAKAYAMA TAKENORI; SATO FUMIHIRO; HANAKI 
ATSUSHI 

KOBE STEEL LTD 

C23C8/14; C25D11/34; H01F1/053; H01F1/08; 
H01F41/02; C23C8/10; C25D11/02; H01F1/032; 
H01F41/02; (IPC1-7): C23C8/14; C25D11/34; 
H01F1/053; H01F1/08 

H01F41/02B2 

JP19920069412 19920218 

JP1 992006941 2 19920218 



Report a data error here 



Abstract of JP5226129 

PURPOSE:To provide a method for manufacturing a highly corrosion-resistant rare-earth magnet 
which can maintain improved magnetic characteristics over a long period of time without generating 
hydrogen occlusion, etc. CONSTITUTION:RE-B-Fe sintered rare-earth magnet or RE-TM-B hot 
machining rare-earth magnet is heated at 200-500 deg.C under oxidation atmosphere (a) or is 
anodized within an alkali liquid solution. 



Data supplied from the esp@cenet database - Worldwide 



i 



(19)B#S*Sft/f (J P) 



«» & m 4# It & # (A) 



^¥5-226129 

(43)£HD§B ¥■& 5 *£(1993) 9 Ji 3 B 



(51)IntO.' 

H 0 1 F 1/053 

C 2 3 C 8/14 

C2 5D 11/34 

H 0 1 F 1/08 



F I 



3 0 1 



7516-4K 

B 7371 -5E 
7371 -5E 



HO 1 F 1/04 



H 

S#3ltf>#2(:£ 6 H) 



(21)tHK#^§- 



(22)tiiffiB 



^¥4-69412 



¥564^(1992) 2 18 B 



(54) imwo>z,m mm&&$;±3m&ff)9i&j5& 



(71) ifcSIA 000001199 

&mm#Fiti<p£M&m;m 1 ts 3#is*§- 

(72) igHj^ tiij an 

1 TS 5#5^ tteS;^ 

(72)#&SJ3# jjrft 

ttFrfiSEBS^ 1TB 5 #5^ J*jS£? 

(72)fgiSB# 7E* gcH 
(74)ftSA #S± ffi* X- 



(57) 

R E - B - F e 3KiW4ftdUnV&« felt RE 
-TM-B3R»IBftlI»±W»B*, (a) &{fc143?B 
SCTJCT2 0 0~5 0 OTC-PftHftfS^ *fcti (b) 
'JSfcfCTIWiltffcTS. 



CW^JSl] RE-B-Fe3S«aa#±SI8BPBSfcH: 

r e - t m - b jhmrstajL^mm^E ( r e it^±mji 
nt© i ffljjt±, t Mtia^7c^o i miu±*z n^n* 

fr-f) £\ S<t14flHMTtcT 2oo~5o oic-eiof& 

[lit^Jit 2 ] RE-B-Fe 3R«te*±SBK5$fctt 
R E - T M - B JRJHMWHiDl*±Si»B' (R E «^±Stt 

^© i m&Lt. TM\,±m&7mv> i nui-ttnztm 

£ T * A if &14*&±«5K5©I!i3i7?)4 . 

CO 0 0 1 ] 

EOWfrT S BB-T -5 & © T & 5 . 
[0 0 0 2] 

[0 0 0 3] il^Lfttft^TRE-B-Fefi^ 

%i±mmm&ib.TS re-tm-b jmwaTM±mm?s 
(r e n%;±m7iM<D i aw±. t M«a^7c^o i m 

fci^ ffi1§Rfl©«ffiMtc<fc5Ji§|!«^©K«fcira*>t5T 
JfN i^Znft£©#M^ttP>©£-££i6o#-r5;/3 

j£ ; k> AMmum* t> a * — j- ©s^©f tfig^s^ffi-r 
£*iTt^-5o ;m £©<*>-?&£< fcftUBs-tvtvs© 

1«tfl:Rfl|*B-r* c tft < it^w^»cnfig-rs 

Ci:i07?t5N i *t>o€£3W±N i -P3?©N i 40 
[0 0 0 4] 

Cf^tfJBi*LJ:3fc-rsStlH3 Lfr LfttfSN i 3?© 

©^<&otffig1£fcJ;i^&1£ttf#5nftu\, ^©S 
ft O 1 Ott^OlCf A 5 C t ^ft 5. CtlP, 
©*±S«5tt7jc*®jBte#W<, 7j<*®m{c<toTB)S 
{frr5l±Mtffe3©T\ N i SfctiN i ^46o ^ffi^r 
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So 

[0005] c^Lrzmm^mt^rctb, m%tt>-z>z 

■a #Ji© tf ;l/fc«B#Bftttlft±©*:* ft&S* £ ft 

y*«rt-2rtt-efc, +»ft««tti:H<Mtt±»&ti» 

tt^JE coaw^tfijSfcLTJBWttfJtfW 
So *SSWtt±E©«fttt«fc*BLTft*nfcfeOT 
i&oT, fogfttt, 2kJRRK«©NJB&£ U -5 C fc ft 

B&i4^±««5*SjS-t£&©;Sj4*» «l <t 3 t-r 

[0 0 0 6] 

[M*l!«t5ft*0¥a] ±KHS£f§?&-f t 

©■?*fc*»8<0fl|j«tt» RE-B-Fe ^^*S?&±a 
«5£fctt RE-TM-B 3RJ!MBlinl«±«»5*v 

( a ) aKfc1±#H§rF&CT 2 0 0-5 0 0 'CTiragrr 3 
A\ Sfctt (b) T;l/*»J*«E«|iK:THBa»ftr*^Hc 

sg^wrsfe©TS5 0 

[0 0 0 7] 

S*K:ov>Tt±^T«»WLfclR7?{±ftV>*V 33^ 6 < 
RE-B-F eXtttt*±MIKEgfettR E-TM 
-B3R«WBiiPX«±SBKO*ffiK % ffl*©*ai*HatT 
T«}gfig*nftV>aft % REi3itfFegL<ttRE^3 

figB#©^mcj:oTfig»it75<SftoT< §t©T'fe»?. . 

s$tttctsnTv>5©T% ^©ffiffltc^itsai^c 

[0008] Hfttt*H5lT"Plinr»-r*IBo»fl:tt»H 

T'«fti/\ {I L4fflJii&g«\ 2 0 0— 5 0 0°Ci:-rs© 
7b^ < . 2 0 0 lC*SlTfetilf ±E^-&S!ffc^I*5SHlc 

TB^c-rs c i:*<T#-r , 500 °cuL±T'&tii£mj5mm 

[0009] ^S?<fc;-rs^©Z;i/*y}gn5i:LTt±, 

KOH, N a OH§©T;l/^'J#M7j<^t:%I-^ x Na 2 
S i O3 , KA 1 O2 ^©T^Tb 'J &/SttXBft8re<D 1 

a* fcfi 2 aw±©7j<?g^T'^titf a < . c ©TkigflStc 



3 

tt. r^AUttTfentfAu^ *f8Ete«Stt5*)}g 

lc*%fB*(d:4 5 0 A/dm 2 *Stt?*5i:ktf!fSL 
JB**aa^t S c t te «t o TBfttt*HK:i«a6 10 

[0 0 10] #fc*RETflraSft*R E-B-F eJR 
«M8*±««5a3 J: tf R E - T M - B ?£JftD(! ijQX^±SJ 
K^lcot^TKWr*. rf RE-B-F e3R8BBS± 

ns^a. »±*76*o*a < 1 1 la^Bfeir/F e 

JK7t*i:LT«\ Pr, Nd, La, Ce, Tb, D 
y. Ho, Er, Eu, Sm, Gd, Pm, Tm, Y 
b, Lu, YttHfeflUfSCfctf-C** cnStt^lfitf 

P r tNdt^o 

[ooii] cinsRE-B-F e xKts*±inn?^ 

So F ett4 0-9 0%©IEIiW$L<N 4 0 30 

Tttwnw*flw^ja««fca>>, -#9 o%*sx. 

[0012] W±|SR E - B - F e ^M^#±^fi55tC 
fcl^Tli, F e<D— §B£:C o^N i Ti^tScli:tT' 
L^LCoO«SMi*^<ft?)aff*fcW«a* 

WTfcjp*a^T*?>. $fcN i«sat*^<at)a 

*Sfc»9aBK**^«Tr*«lRltfa6«OT, Fete 

te&, ffi^jc^i: LTWTKi^-raiftTaiso 1 aw±* « 

[0 0 13] A 1 : 9. 5%£TF\ T i : 4. 5%JW 
T\ V : 9. 5%WT. C r : 8. 5%ttT, M 
n : 8 . 0 %«Ts B i : 5 . 0 %J£TF\ Nb : 9. 
5%JMTx Ta:9. 5 %«T, Mo: 9. 5 %« 
T> W : 9.5 %£TF. S b : 2 . 5 %«T, G 
e : 7 . 0 %«T, S n : 3 . 5 %£CF. Zr : 5. so 
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5%WT, N i : 9. 0 %«T, S i : 9. 0 %« 
T, Z n : 1 . 1 %i^T> H f : 5 . 5 %UT B 

[0 0 14] *KRE-TM-B3R«MIBJnX«±>BK5 
tt, Y*dtT*±S7G* (RE) 0*ft<fct>ltfcl 
^7t^ (TM) fc<fctf B£i£^^£LT#trfc<DT£ 
5, R EtLTtiWER E-B-F eiR«aa«±>ia5 

Btilt^T, HKMtel4Pr<D»* *>L<l±RE<D3 
5 5 0 %W±tf P r TSS SfcDy^ 

t b«o««±si7aR*^««ffl , r«d tu:. {*aa[^o 

[0 0 15] KR E-TM-BKJ»MftlXJ6±IBa5^ 
i^iftSREWSH/^ttH:, 8-2 5%, J: 
D!fSL<«10-20%, BteSfi: L<te 12—18 
%0«5fflT*S 0 R E kTMfc<fctf B*a*fig#fc-r« 
S£5<Dafc*gteRE 2 TMm B (fefeAttPn Fe 
M B) T'$Sft REiRSJBrsfccoffc^tffcdtS 

nr. a.«fcn— «jfioii»ai^ta:a?t46A»a:« 
«w»tt cwtc««*) ffneniKs ffi:^> rew 

t*itt©R E 'J ^ aoT3KB«3R* 

*tf ffiT«ift *S*r*fc * s o 

[0 0 16] *tBOdtitt, 2 — 8%, JzOSfSL 

<B4-6%tfaaT$5o B«*^fir*«*tt, r 

E-F eSO^^tasfcfejBjgaftJK^AVfSnJBI 
ffifc^«#*fcfcfc*«#«tt<DREa Fe4 B*g 

[0017] TM&40— 9 0%, «£ 9 L < 6 5 
-9 0 IK TMftt^fiTSfc»«K3WB 

Wte&±±ffl<DF e+M h?:llLTR E2 ComB*JB 

f£-?z*\ to{tttt*MXft&amifi4^<* Co 

fiTtS©^ Fe£O50%OT, J:»3^L<(i:20 
%JMTteffl*£<D**J:l^o JftNi©ftSi3!j^<a:5 
fcSBB^ftflE^ittTrSflllRlA^SflDT. "F e <D 8 % 

[0 0 18] R E-TM-B3SJ»IHHraX*±jaat5flDS 
*M«rit7ciR«±f 203 0 T'S 3 TbV i&Ste <t *) Steffi 
£)7^£:LTAg, Au, Al, Cu, Ga, S n, P 

t, Zn#cDiaJ^±?:#W?^:3Ci:teJ:»5{SaS^^ 

w^ite«if?nso b*b*a**fc*«tt©ttjMi«« 

[0 0 1 9] ±IE7tJ?t<0f£Tk'i#teA g, Au, Al, 
Cu, Pt, Sn. Znti^Si^aaftb, 



5 <fc 5 fcH£tttt#©fci&©a&HtaIfc#3 «ffi*{t» 

[0 0 2 0] *KLTf#f>n5RE-TM-Bl^i 
£\ #£L<«800 1CW±Oia*"Pj»|IDftlXLTEfi 

T M- B 3RJ»MftH*±BBK5t4, WA14-^KM!ttttc 
S^TWiSOR e-B-F e 3fi*6B«±Srat5J: 0 fe« 

[0 0 2 1] *5§B^T'«, ±SE03«fc-5&R E-B-F e 
&&*S*&±JSiK5«>L<«R E-TM-BS^raSniS 

±sh»5k:»u ±E#iaa*fiirrc4:jcj:oTx ism 

[0 0 2 2] 

^43«ttfiMfi99.7%tU:<ONd*Jgl^4:U en?.* 
SftStfNdMB? F e 79 C <08$8t*;* * 



5-2 2 6 1 2 9 



2. 8-8 /im©^«j-*£J#fc 0 C ©8M»5fc:££Sli:g 
ALT, 1 0 KO e<Dmfttt*T'tiify-£-&Z 1 . 5 

t/cm z ©E*T?JSfBLfc. 

[0 0 2 3] C A rSBft* 1 0 0 OtT 

5>tlfcJ8E«t *3 2 Ommx 3 0mmx3nimWXoa 
8fr4fflDfflU SSWS (No. 1 5 0) ti.fctfT'-fe 
h>lttiB*» *ll=atr*ffT»tfilHI*»iaiUfc. 

dm 2 T'N i tto**?Tftofcfc©*Jttt«fcLTa*L 

[0024] ±E^©^«*«*ui*fTav\ tie 
seaaisfefes (Br) =12. 5 k g 

(iHc) =12. OKQe 
jL^fod?— m (BH) »« =3 5. OMGOe 

(B^ttKM) ttSStt* 125tx85%RH ©SSH 
«14 ( J I S K 5 4 0 0: ISSf- 43i:t>* 
[0 0 2 5] 

C«i] 



30 



SO 



(5) 
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8 







fs? An igg 
2^ H] 58J: 13: 








No. 






Br (KG) 


iHc (KOe) 


(BH)max 
(MGOe) 




1 


200 *Cx lBtffl 


o 


o 


12.5 

mm m 


12.0 


35. 0 




2 


350 TC x 1 B#fIU 


o 


o 


12.5 


12.0 


35.0 


m 


3 


445 °CX0.2 BfPal 


o 


o 


12.5 


12.0 


35.0 


4 


100 A/ dm 2 X2^ 


o 


o 


12.5 


12.0 


35.0 


5 


doU A/ dm x ^ 7j 




(J 


12.5 


12.0 


35.0 




6 


400 A/ dm 2 XL 5 # 


o 


o 


12.5 


12.0 


35.0 


it 

it 


7 


N i (5.5jLtm) 


X 


X 


12.0 


11.8 


29.0 


w 


8 


N i (11 um) 


O 


o 


12.2 


12.0 


31.0 



No. 1 
No. 4 

No. 5. 



1SCF 

NaOH 50g/£. 30°C 
NaOH 40g/B, Na z SiOs 

O: mmL. x : 

O: flJiUfcU x : jHJK^O 



40g/£, 30°C 



[0 0 2 6] «lfr6tflB6*» , P3B«J:5K, ^ffiflJ 

(No. 1~6) T?tt»fttt6a*»©*HRSE{fcfc.fctfiB 

©SS*t8LTVS©fc:WU JfcttW (No. 7, 8) 

COO 2 7] HMM2 
*$JS9 9. 9%©S8?0ci:Si6*9 9. 9%<D7iPt;a 
itfWE9 9 »tt±© P r *S8fc L, Ctt£>£K 



fcfiL 1 0 0 0°CX 6mmi£J:Zf 4 8 Ot}x 2B#W<D-& 

SSS5*?#£o COffiEit) 2 OmmX 3 OmmX 3m 
so m©tOJWr*£J!>iBU SilS (No. 1 50) fe± 
Zf7-t h ^BilHO»» 1 tvmtc LT*3 t^-r 

[0 0 2 8] 
[*2] 









Br (KG) 


iHc (KOe) 


(BH) max 
(MGOe) 


A 


Pr9%-Nd6%-Fe79%-B5*-Agl% 


13.2 


16 


41 


B 


Prl5*-Fe73%-(*5S-B5X-Au2% 


12.7 


16 


38 


C 


Pr8%-Nd7%-Fe78%-B5%-Pt2% 


12.7 


19 


37 


D 


Pr8%-Nd7%-Fe79. 5%-B5%-SnO. 5% 


13.4 


16 


43 



[0 0 2 9] 



C*3] 



50 



(6) 
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9 



10 



m s 

No. 


SS /k £/l SI 

HX 1L XI 35 


iEl &«fc 


assays) 




Br (KG) 


iHc (KOe) 


(BH)max 
(MGOe) 


A 


200 °C x 1 &fffl 


o 


o 


13 2 




41 


100 A/dm 8 xi. 5 # 


o 


o 


13 2 


IB 


41 


B 


412 x:xo.i B#Pb1 


o 


o 


1 ? 7 


1 R 




100 A/dm 2 xl. 5 ^ 


o 


o 


12.7 


16 


38 


c 


350 "Cxi B$fg] 


o 


o 


12.7 


19 


37 


400 A/dm 2 X0.8 # 


o 


o 


12.7 


19 


37 


D 


220 "CX0.8 


o 


o 


13.4 


IB 


43 


480 tlx 0.1 B#ffi 


o 


o 


13.4 


16 


43 


320 A/dm 2 X2.0 # 


o 


o 


13.4 


16 


43 



20 



[0 0 3 0] S2, 3 iC^Lfcmffil*. ^*ftlfe*^ 
[0 0 3 1] 

[«BB<oa&«] *«wi*jfiU:oiifc:iirt*nT*t), r 



E-B-F e3^«E»*±S»5Sfc«R E -TM-BIS 

tt*fi»IH«H*-r *»BAttO R E - B - F e 3£«fS# 
±W«5Sfctt RE-TM-B *»HDiPX*±SRBBP5* 
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40 



50 



